Background: Data on intake of specific carotenoids and breast cancer risk are limited. Furthermore, studies of vitamins A, C, and E in relation to breast cancer risk are inconclusive. We have conducted a large, prospective study to evaluate long-term intakes of these nutrients and breast cancer risk. 
Because of their antioxidant properties, dietary carotenoids and vitamins C and E can neutralize reactive oxygen species, may reduce oxidative DNA damage, genetic mutations (1) , and also may enhance host immunologic functions (2) . All of these reactions may help to protect against breast carcinogenesis. Preformed vitamin A (retinol and retinyl esters) is involved in cell differentiation (3) , and certain carotenoids (␣-carotene, ␤-carotene, and ␤-cryptoxanthin) found in fruits and vegetables can be metabolized to retinol (4, 5) . Case-control studies of breast cancer support a weak protective effect of carotenoids rather than preformed vitamin A (6) , and in three of six cohort studies (7) (8) (9) (10) (11) (12) , risk of breast cancer was lower with increasing intakes of total or preformed vitamin A and carotenoids with vitamin A activity (7, 8, 12) . A significant inverse association between vitamin C intake and breast cancer risk was found in a meta-analysis of 12 case-control studies (13) . Prospective studies (6) (7) (8) (9) (10) (11) (12) , however, have not supported associations between vitamins C or E and breast cancer risk.
Food composition data have recently become available for specific carotenoids (14, 15) . In a case-control study using the new U.S. Department of AgricultureNational Cancer Institute (USDA-NCI) carotenoid food composition database, an inverse association between risk of premenopausal breast cancer and intakes of ␤-carotene and lutein/zeaxanthin was observed (16) . Inverse associations were also observed between these nutrients measured in breast adipose tissue and breast cancer risk (17) .
In an earlier report from the Nurses' Health Study, we examined the relationships between baseline intakes of vitamins A, C, and E and breast cancer risk during 8 years of follow-up (7) , but at that time, a carotenoid food composition database was not available. We now examine intakes of specific carotenoids; vitamins A, C, and E; and fruit and vegetable consumption in relation to risk of breast cancer in this cohort during 14 years of follow-up using repeated measures of diet to better represent long-term intakes. As a secondary hypothesis, we also evaluated whether these relations vary by family history of breast cancer and alcohol intake.
METHODS

Study Cohort
In 1976, 121 700 female nurses aged 30-55 years living in 11 states of the United States completed a mailed questionnaire and provided medical history and health-related information. Every 2 years, a mailed questionnaire was sent to cohort members to update information on potential risk factors and to ascertain newly diagnosed cancers and other diseases. Through May 31, 1994 , the follow-up rate was 95% complete as percentage of potential person-years. In 1980, a 61 food-item semiquantitative food-frequency questionnaire was included to assess dietary intake. The 1984 food-frequency questionnaire was expanded to 126 items. Similar questionnaires were used in 1986 and in 1990 to update the dietary intakes of the participating women.
For the analyses presented here, women were excluded at baseline if their responses to the 1980 dietary questionnaire had implausible total energy intake (<500 or >3500 kcal/day), if they left 10 or more food items blank, or if they had a previous diagnosis of cancer (other than nonmelanoma skin cancer). The final 1980 baseline population consisted of 83 234 women. Among the women included, response rates were 80% for the 1984 dietary questionnaire and 76% for the 1986 and 1990 dietary questionnaires. Approximately 61% of the women had all four dietary questionnaires, and 72% of the women had all three most recent dietary questionnaires. Women also were excluded if they reported uncertain menopausal status or had incomplete information on menopausal status.
Women were classified as postmenopausal from the time they returned a questionnaire on which they reported natural menopause or hysterectomy with bilateral oophorectomy. Women who reported hysterectomy without bilateral oophorectomy were classified as uncertain menopausal status until they reached the age at which natural menopause had occurred in 90% of the cohort (54 years for current cigarette smokers and 56 years for nonsmokers), in which case they were classified as postmenopausal. Menopause status was updated every 2 years. There were 53 938 premenopausal women in 1980 and 59 426 postmenopausal women in 1994.
The 1976 questionnaire included a question on a history of breast cancer in the mother or sister. We updated information on family history (yes/no) in 1982, 1988, and 1992. The study was approved by the Human Research Committee at the Brigham and Women's Hospital. Data on alcohol consumption were obtained from food-frequency questionnaires.
The Semiquantitative Food-Frequency Questionnaire
The validity and reliability of the food-frequency questionnaires in the Nurses' Health Study have been described elsewhere (18) (19) (20) . For each food in the questionnaires, a commonly used unit or portion size (e.g., one tomato or one slice of bread) was specified, and women were asked how often, on average, over the previous year they had consumed that amount of each food. There were nine possible responses, ranging from "never" to "six or more times per day." Nutrient intake was computed by multiplying the frequency of response by the nutrient content of the specific portion sizes. We also asked questions on the use of specific vitamins and brand and type of multivitamins as well as dose and duration of use; vitamin supplement use was updated biennially. A comprehensive database on multivitamin preparations that provides the dose of vitamins A, C, and E in each preparation was developed at Harvard University.
Values for nutrients in foods were derived from the USDA sources (21) and supplemented with information from manufacturers. Food composition data for specific types of carotenoids were based on the USDA-NCI carotenoid database developed by Chug-Ahuja et al. (14) and Mangels et al. (15) . Values for lutein and zeaxanthin were reported as combined. The carotenoid content of tomato-based food products was updated with values from the USDA (22) .
Nutrient intakes calculated from the 1980 foodfrequency questionnaire were reasonably correlated with those recorded by 173 Boston women who kept diet diaries for four 1-week periods more than 1 year (18, 19) . Pearson correlation coefficients between estimates from the food-frequency questionnaire and from the four 1-week dietary records were .49 and .75 for total vitamins A and C from food and supplements and .36 and .66 for intakes from foods, respectively (18) . Vitamin E intake was positively correlated with its plasma concentrations in two studies [r ‫ס‬ . 34 (23) ; r ‫ס‬ .52 (24) ]. The estimates of specific dietary carotenoids from the 1986 foodfrequency questionnaire were correlated with their respective plasma concentrations; among nonsmoking women, the Pearson correlation coefficients were .48 for ␣-carotene, .27 for ␤-carotene and lutein/zeaxanthin, .32 for ␤-cryptoxanthin, and .21 for lycopene (25) .
Ascertainment of Breast Cancer Cases
Incident cases of invasive breast cancer were identified by self-report on each biennial questionnaire from the period 1982 through 1994. Deaths in the cohort were identified by reports from family members, the postal service, and a search of the National Death Index (26); we estimate that 98% of all deaths were identified. Women who reported breast cancer (or their next of kin if the study participant had died) were asked for permission to obtain hospital records and pathology reports. Physicians without knowledge of dietary information of all study participants reviewed the records. During 14 years of follow-up, we documented 784 incident cases of invasive breast cancer among premenopausal women, 1913 cases among postmenopausal women, and 259 cases among women with uncertain menopausal status (excluded from this analysis). The mean age at diagnosis was 47 years for premenopausal case patients and 60 years for postmenopausal case patients. We included in the data analysis 145 breast cancer case patients for whom no medical records could be obtained because the accuracy of self-reporting was extremely high (>99%) among those for whom we were able to obtain medical records.
Statistical Analysis
Person-years of follow-up for each participant were calculated from the date of returning the 1980 questionnaire to the date of diagnosis of breast cancer, death, or June 1, 1994, whichever came first. For nutrient analyses, women were categorized by quintile of nutrient intakes with adjustment for total energy by the residual method (27) . For analysis of association between the consumption of fruits and vegetables and the risk of breast cancer, frequencies were summed over all fruits and vegetables. Cruciferous vegetables include broccoli, kale, cauliflower, cabbage or cole slaw, and Brussels sprouts. In addition, we classified women by their use of specific supplements of vitamins A, C or E and multivitamins and by dose and duration among current users.
For each category of nutrient intake, we calculated incidence rate by dividing the number of breast cancer cases by the number of person-years of follow-up. Relative risk was calculated by dividing the incidence rate in an exposure category by the corresponding rate in the reference category. Ageadjusted relative risks were calculated with the use of 5-year age categories by the Mantel-Haenszel method (28) . In multivariate analyses using pooled logistic regression models with 2-year time increments (29, 30) , we simultaneously adjusted for age (5-year categories), length of follow-up, total energy intake (quintiles), parity (0,1 or 2, 3 or 4, or ജ5), age at first birth (ഛ24, 25-29, or ജ30 years), age at menarche (ഛ12, 13, or ജ14 years), history of breast cancer in mother or a sister (yes or no), history of benign breast disease (yes or no), alcohol intake (0, 0.1-4.9, 5-14.9, or ജ15 g/day), body mass index at age 18 years (<20, ജ20 to <22, ജ22 to <24, ജ24 to <27, or ജ27 kg/m 2 ), weight change from age 18 years (loss >2, loss or gain of 2, gain >2 to ഛ5, gain >5 to ഛ10, gain >10 to ഛ20, gain >20 to ഛ25, or gain >25 kg), and height in inches. For the analyses among postmenopausal women, the models also included indicator variables for age at menopause (<45, 45-49, 50-54, or ജ55 years) and postmenopausal hormone use (never, past <5 years, past ജ5 years, current <5 years, or current ജ5 years).
To reduce within-person variation and represent long-term dietary intake of participants, we modeled the incidence of breast cancer in relation to the cumulative average of dietary intake from all available dietary questionnaires up to the start of each 2-year follow-up interval (31) . For example, the incidence of breast cancer from the period 1980 through 1984 was related to the dietary information from the 1980 questionnaire, and the incidence of breast cancer during the 1984 through 1986 time period was related to the average intake from the 1980 and 1984 questionnaires. In these models, nondietary covariates, e.g., age, parity, history of breast cancer in mother or a sister, history of benign breast disease, weight change from age 18 years, age at menopause, and postmenopausal hormone use, were updated biennially. For all relative risks, 95% confidence intervals (CIs) were calculated and all P values were two-tailed. Since the results of age-adjusted relative risks were virtually identical to those of multivariate adjusted analysis; only the multivariate adjusted relative risks were reported. The test for linear component of trend was conducted by use of the median value of the cumulative updated nutrient intake for each quintile analyzed as a continuous variable.
Analyses were stratified by menopausal status, family history of breast cancer, or alcohol intake (<15 or ജ15 g/day; 15 g of alcohol roughly equals about one drink). Log likelihood ratio tests were used to compare models with or without interaction terms between nutrient intake and menopausal status or family history of breast cancer and alcohol intake.
RESULTS
Among premenopausal women, intakes of ␤-carotene from food and supplements, lutein/zeaxanthin, and total vitamin A from foods were weakly inversely associated with risk of breast cancer after adjustment for age, length of follow-up, total energy intake, parity, age at first birth, age at menarche, history of breast cancer in mother or a sister, history of benign breast disease, alcohol intake, body mass index at age 18 years, weight change from age 18 years, and height (Table 1) . Women in the highest quintile of intakes of lutein/zeaxanthin and preformed vitamin A from food and supplements had statistically significant 21% and 22% reductions in risk of breast cancer as compared with those in the lowest quintile. Additionally, a weak positive association was seen with total vitamin E from food and supplements.
No associations were seen between overall risk of postmenopausal breast cancer and intakes of specific dietary carotenoids and total vitamins A, C, and E, except for a weak inverse association for total vitamin E from food and supplements (Table 1) . Tests for interactions between nutrients and menopausal status and breast cancer risk were statistically significant only for intakes of preformed vitamin A from food and supplements and total vitamin E from food and supplements. Because postmenopausal women currently taking hormones have biologic similarities with premenopausal women (32), we stratified our analyses by use of postmenopausal hormone therapy. Among current hormone users, the multivariate relative risks for women in the highest quintile as compared with those in the lowest quintile were 0.78 (95% CI ‫ס‬ 0.60- Etiologic mechanisms of carcinogenesis may vary according to family history of breast cancer (33, 34) . Among women with a positive family history (n ‫ס‬ 90 case patients) of breast cancer, ␣-carotene, ␤-carotene from food and supplements, ␤-carotene from foods, lutein/ zeaxanthin, carotenoid vitamin A, total vitamin A from food and supplements, total vitamin A from foods, and vitamin C from foods were associated with 53%-63% lower risk of breast cancer when comparing women in the extreme quintiles of intakes of these nutrients (P for trend ഛ.01) (Table 2, A). Tests for interactions between nutrients and family history of breast cancer and breast cancer risk were statistically significant for intakes of ␤-carotene from food and supplements, ␤-carotene from foods, carotenoid vitamin A, total vitamin A from foods, and vitamin C from foods (P<.05).
The inverse associations of ␤-carotene from food and supplements, ␤-carotene from foods, carotenoid vitamin A, and total vitamin A from foods were also stronger (P<.05) among premenopausal women who consumed greater than or equal to 15 g/day of alcohol (n ‫ס‬ 120 case patients), whereas no difference was observed with intake of preformed vitamin A (Table 2, B) . These inverse associations remained after further adjustment for total folate intake but were attenuated after further controlling for total vitamin C from food and supplements. Tests for interactions between nutrients and alcohol consumption and breast cancer risk were not statistically significant. Among postmenopausal women who consumed greater than or equal to 15 g/day of alcohol, intake of preformed vitamin A from food and supplements was significantly related to lower risk of breast cancer; the relative risks for increasing quintiles were 1.00, 0.82, 0.91, 0.67, and 0.66 (95% CI for the highest quintile compared with the lowest quintile ‫ס‬ 0.47-0.93).
Intakes of fruits or vegetables were associated with lower risk of premenopausal breast cancer (Table 3) . When fruits and vegetables were grouped together, women who consumed greater than or equal to five servings/day had a 23% lower risk of premenopausal breast cancer (P for trend ‫ס‬ .05) ( Table 3 ). The association did not change when we further divided the highest category into six to 6.9 or greater than or equal to seven servings/day. No significant association was observed between consumption of fruits or vegetables and overall risk of postmenopausal breast cancer (Table 3) . Fruit consumption was inversely associated with risk of postmenopausal breast cancer among women currently taking hormones; the relative risk was 0.57 (95% CI ‫ס‬ 0.33-1.00) for women who consumed greater than or equal to five servings/day. The comparable relative risks were 0.87 (95% CI ‫ס‬ 0.63-1.20) for vegetable consumption and 0.86 (95% CI ‫ס‬ 0.54-1.39) for fruit and vegetable consumption. Intakes of cruciferous vegetables had only weak, nonsignificant inverse associations with breast cancer risk among premenopausal women. The associations with fruits and vegetables were stronger among premenopausal women who had a positive family history of breast cancer or consumed alcohol. The relative risks for intake of greater than or equal to five servings/day of fruits and vegetables were 0.29 (95% CI ‫ס‬ 0.13-0.62; P for trend ‫ס‬ .003) for premenopausal women who had a positive family history and 0.53 (95% CI ‫ס‬ 0.27-1.04; P Table 1 . Multivariate adjusted relative risks (RRs) and 95% confidence intervals (CIs) for breast cancer* according to the quintile group for cumulative updated average intake of specific dietary carotenoids and vitamins A, C, and E by menopausal status †, ‡ in a cohort of 83 234 women, for the period from 1980 through 1994 *A total of 784 incident cases of invasive breast cancer were diagnosed in premenopausal women, and 1913 cases were diagnosed in postmenopausal women. †The model included indicator variables for age (5-year categories), length of follow-up, total energy intake (quintiles), parity (0, 1 or 2, 3 or 4, or ജ5), age at first birth (ഛ24, 25-29, or ജ30 years), age at menarche (ഛ12, 13, or ജ14 years), history of breast cancer in mother or a sister (yes or no), history of benign breast disease (yes or no), alcohol intake (0, 0.1-4.9, 5-14.9, or ജ15 g/day), body mass index (weight in kg/height in m 2 ) (<20, ജ20 to <22, ജ22 to <24, ജ24 to <27, or ജ27) at age 18 years, weight change from age 18 years (loss >2, loss or gain of 2, gain >2 to ഛ5, gain >5 to ഛ10, gain >10 to ഛ20, gain >20 to ഛ25, or gain >25 kg), and height in inches.
‡The model also included indicator variables for age at menopause (<45, 45-49, 50-54, or ജ55 years) and for postmenopausal hormone use (never, past <5 years, past ജ5 years, current <5 years, or current ജ5 years).
§Values for intake are medians for each quintile, computed as the cumulative updated average (see "Methods" section). 95% CI for Q5 ‫ס‬ 95% CIs for RRs for quintile 5 (Q5). ¶P values are two-sided (Wald's test). #One international unit of vitamin A activity is defined as equal to 0.60 g of ␤-carotene.
for trend ‫ס‬ .007) for women consuming greater than or equal to 15 g/day of alcohol. When we examined individual foods that were the major or primary contributors to carotenoid intake, nonsignificant inverse trends were seen for most; no single food accounted for the overall associations. The use of specific vitamin supplements and multivitamins was not significantly associated with overall risk of breast cancer (Table 4) or among premenopausal or postmenopausal women separately, even when taken in high doses or for long periods.
DISCUSSION
To our knowledge, this is the first prospective cohort study to examine the risk of breast cancer among premenopausal and postmenopausal women by dietary intakes of specific carotenoids and vitamins A, C, and E. In this cohort, intakes of lutein/zeaxanthin, ␤-carotene from food and supplements, total vitamin A from foods, and consumption of fruits and vegetables were inversely associated with risk of premenopausal breast cancer. These inverse associations were strongest among women at elevated risk due to a positive family history of breast cancer or consumption of greater than or equal to 15 g/day of alcohol. Intakes of these nutrients had no appreciable overall associations with risk of postmenopausal breast cancer, but they had inverse relationships among postmenopausal women currently taking hormones. In addition, the use of supplements of vitamins A, C, and E and multivitamins was not associated with overall risk of breast cancer. The results of this 14-year follow-up study largely corroborate and extend the findings from a previous analysis in this cohort with 8 years of follow-up (7) . At that time, no associations were seen between vitamin C or E intake and breast cancer risk. However, there were modest inverse associations between preformed vitamin A and carotenoid vitamin A intakes and breast cancer risk, which were stronger among premenopausal women (7). Our updated analyses, which used food composition data for specific carotenoids, suggest that apparent beneficial effects of carotenoid intakes might be attributable to ␣-carotene, ␤-carotene, or lutein/zeaxanthin, but not to ␤-cryptoxanthin and lycopene. This is consistent with *A total of 90 incident cases of invasive breast cancer were diagnosed among women with a positive family history of breast cancer, and 689 cases were diagnosed among women without such a history. Information on some covariates was not available for five case patients and, therefore, these five patients were excluded from this analysis.
†The model included indicator variables for age (5-year categories), length of follow-up, total energy intake (quintiles), parity (0, 1 or 2, 3 or 4, or ജ5), age at first birth (ഛ24, 25-29, or ജ30 years), age at menarche (ഛ12, 13, or ജ14 years), history of benign breast disease (yes or no), alcohol intake (0, 0.1-4.9, 5-14.9, or ജ15 g/day), body mass index (weight in kg/height in m 2 ) (<20, ജ20 to <22, ജ22 to <24, ജ24 to <27, or ജ27) at age 18 years, weight change from age 18 years (loss >2, loss or gain of 2, gain >2 to ഛ5, gain >5 to ഛ10, gain >10 to ഛ20, gain >20 to ഛ25, or gain >25 kg), and height in inches.
‡Median values for quintiles of all nutrient variables are given in Table 1 . §95% CI for Q5 ‫ס‬ 95% CIs for RRs for quintile 5 (Q5). P values are two-sided (Wald's test). ¶A total of 120 incident cases of invasive breast cancer were diagnosed among women who consumed greater than or equal to 15 g/day of alcohol, and 657 cases were diagnosed among women who consumed less than 15 g/day of alcohol. Information on certain covariates was not available for seven patients and, therefore, these seven patients were excluded from the analysis.
#The model included indicator variables for age (5-year categories), length of follow-up, total energy intake (quintiles), parity (0, 1 or 2, 3 or 4, or ജ5), age at first birth (ഛ24, 25-29, or ജ30 years), age at menarche (ഛ12, 13, or ജ14 years), history of breast cancer in mother or a sister (yes or no), history of benign breast disease (yes or no), body mass index (weight in kg/height in m 2 ) (<20, ജ20 to <22, ജ22 to <24, ജ24 to <27, or ജ27) at age 18 years, weight change from age 18 years (loss >2, loss or gain of 2, gain >2 to ഛ5, gain >5 to ഛ10, gain >10 to ഛ20, gain >20 to ഛ25, or gain >25 kg), and height in inches.
a population-based case-control study among premenopausal women (16) . In our study, total vitamin E from food and supplements was related to a weak increased risk of premenopausal breast cancer; however, no dose or duration relation was seen. We speculated that it might be due to use of vitamin E supplements for the treatment of more severe benign breast disease. Notably, it was seen only among premenopausal women (who have more symptoms of benign breast disease). Consistent with the findings from three other prospective cohorts of postmenopausal women (9) (10) (11) , there were no significant overall relationships between dietary intakes of vitamins A, C, and E and fruit and vegetable consumption and breast cancer risk among postmenopausal women.
Few studies have addressed the hypothesis that family history of breast cancer might modify the associations of diet and breast cancer. In a case-control study, the risk of breast cancer was inversely related to higher intake of ␣-tocopherol from foods among premenopausal women who had a positive family history (33) . We observed that inverse associations for dietary intakes of specific carotenoids, vitamins A and C, and possibly for total vitamin E from foods were strongest among premenopausal women with a positive family history of breast cancer, supporting the hypothesis that the cause of breast cancer differs among women according to their family history of breast cancer (34) .
In vitro studies have shown that retinoic acid strongly inhibits proliferation of estrogen receptor (ER)-positive human breast cancer cells through retinoic acid receptors (RARs), but does not inhibit the growth of ER-negative cells (35) . However, estrogens were found to increase expression of RAR␣ gene in ER-positive breast cancer cells (35) , which suggests that the anticarcinogenic effects of retinoic acid might require estrogens to induce its nuclear receptor (RAR). Consistent with the findings from in vitro studies, we observed the inverse associations between vitamin A and provitamin A carotenoids and breast cancer risk only among premenopausal women and among postmenopausal women currently taking hormones. A previous study (25) reported that hormones may affect metabolism of the carotenoids. Premenopausal women and postmenopausal women taking estrogens had higher plasma levels of carotenoids than did postmenopausal women not taking estrogens, even controlling for intake (25) . This may also partly explain our findings that inverse associations between carotenoids and breast cancer risk were present among premenopausal women and among postmenopausal women currently taking hormones.
Consumption of alcohol increases risk of breast cancer, even among young premenopausal women (36, 37) . Metabolic studies (38, 39) among baboons and among premenopausal women suggest that alcohol may interfere with conversion of ␤-carotene to vitamin A. This may explain why the inverse associations of dietary ␤-carotene and total vitamin A and risk of breast cancer were stronger among women who consumed greater than or equal to 15 g/day of alcohol compared with those who consumed less. Forman et al. (39) also reported a decreased plasma concentration of lutein/zeaxanthin but a slightly increased concentration of anhydrolutein, an oxidative byproduct of lutein/zeaxanthin, after 30 g/day of alcohol for 3 months. Lutein/zeaxanthin may function as an antioxidant to neutralize the oxidative stress induced by alcohol *A total of 784 incident cases of invasive breast cancer were diagnosed in premenopausal women, and 1913 cases were diagnosed in postmenopausal women. †The model included indicator variables for age (5-year categories), length of follow-up, total energy intake (quintiles), parity (0, 1 or 2, 3 or 4, or ജ5), age at first birth (ഛ24, 25-29, or ജ30 years), age at menarche (ഛ12, 13, or ജ14 years), history of breast cancer in mother or a sister (yes or no), history of benign breast disease (yes or no), alcohol intake (0, 0.1-4.9, 5-14.9, or ജ15 g/day), body mass index (weight in kg/height in m 2 ) (<20, ജ20 to <22, ജ22 to <24, ജ24 to <27, or ജ27) at age 18 years, weight change from age 18 years (loss >2, loss or gain of 2, gain >2 to ഛ5, gain >5 to ഛ10, gain >10 to ഛ20, gain >20 to ഛ25, or gain >25 kg), and height in inches.
§P values are two-sided (Wald's test).
(40); women who consume alcohol may thus have a higher requirement. These authors observed no change in preformed vitamin A levels with 30 g/day of alcohol drinking for 3 months (39) . Consistent with these findings, we observed a strong inverse association between dietary intake of lutein/zeaxanthin and breast cancer risk among premenopausal women who consumed greater than or equal to 15 g/day of alcohol and saw no difference in association between preformed vitamin A and breast cancer risk according to alcohol consumption. The inverse associations between dietary carotenoids and breast cancer risk among premenopausal women who consumed greater than or equal to 15 g/day of alcohol were also independent of total folate intake but they were attenuated after additional controlling for total vitamin C from food and supplements. In this prospective cohort, biased reporting is unlikely to explain these findings. High follow-up rates minimize the concern that results were due to differential loss to follow-up. The estimates of vitamin intakes derived from the foodfrequency questionnaires are reasonably valid and reflect long-term intakes of study participants (18, 19) . Nonetheless, some misclassification of individual longterm intake exists but is likely to be random and underestimates true associations. Our use of repeated measures of dietary intake partially accounts for withinperson variation due to changes in dietary habits during the follow-up period. After controlling for recognized risk factors for breast cancer, the results were virtually identical to the age-adjusted relative risks, suggesting that residual confounding by nondietary factors is unlikely to explain the observed findings. We cannot exclude unknown nondietary lifestyle factors partially explaining the findings, but the unknown risk factors would need to be strong predictors of breast cancer and also closely associated with intakes of these micronutrients.
The values for individual carotenoids in the USDA-NCI database are the best available; however, the database has limitations due to limited analytic data on carotenoid content of specific foods with implications for the reliability of the carotenoid data (15) . Also, the carotenoid content of foods is influenced by factors, such as geographic location, season, varieties, growth and harvesting conditions, and food preparation methods (15) . In the food-frequency questionnaires, certain foods with similar nutrient contents are grouped together; for example, in the 1980 food-frequency questionnaire, tomatoes were grouped with tomato juices, while use of tomato sauces was not asked until 1984. These factors result in measurement error, which is likely to be nondifferential and could attenuate associations for some carotenoids. The results from this study and three of four cohort studies that examined vitamin A supplements (7) (8) (9) 12 ) suggest a possible weak inverse association with breast cancer risk at high doses (7-9) ; however, †The model included indicator variables for age (5-year categories), length of follow-up, total energy intake (quintiles), parity (0, 1 or 2, 3 or 4, or ജ5), age at first birth (ഛ24, 25-29, or ജ30 years), age at menarche (ഛ12, 13, or ജ14 years), history of breast cancer in mother or a sister (yes or no), history of benign breast disease (yes or no), alcohol intake (0, 0.1-4.9, 5-14.9, or ജ15 g/day), body mass index (weight in kg/height in m 2 ) (<20, ജ20 to <22, ജ22 to <24, ജ24 to <27, or ജ27) at age 18 years, weight change from age 18 years (loss >2, loss or gain of 2, gain >2 to ഛ5, gain >5 to ഛ10, gain >10 to ഛ20, gain >20 to ഛ25, or gain >25 kg), height in inches, menopausal status (premenopausal, postmenopausal), age at menopause (premenopausal, <45, 45-49, 50-54, or ജ55 years), and postmenopausal hormone use (premenopausal, never, past <5 years, past ജ5 years, current <5 years, or current ജ5 years).
the number of cases in the greater than or equal to 23 000-IU/day category was limited. The findings from this study including others did not support a reduction in risk with supplemental vitamin C (7, 8, 10, 12, 16) and vitamin E (7) (8) (9) 12, 16) . Besides vitamins and carotenoids, fruits and vegetables contain many other phytochemicals, including indoles, dithiolthiones, isothiocyanates, selenium, flavonoids, and protease inhibitors (41) . Many of these substances are protective against cancer in animals or in vitro models (41, 42) . Therefore, the possibility remains that other constituents in fruits and vegetables account for the inverse associations in this study.
Consumption of fruits and vegetables high in specific carotenoids may reduce breast cancer risk among premenopausal women, particularly among those who are at elevated risk because of a positive family history of breast cancer or consumption of alcohol. Whether these apparent protective effects are due to these specific compounds or to other constituents of fruits and vegetables remains unclear.
